Abstract-Selecting a design at the conceptual design stage in product development can be complex and frustrating due to imprecise and uncertain product requirements. For many companies, the conceptual design stage is crucial to their product's success. For example, making a bad decision can lead to costs associated with product recall, redesign, and remanufacture. These unexpected expenses not only could result in profit loss but also jeopardize a successful commercialization of the product. Therefore, the level of success of a product is significantly dependent on the early stage of product development. Managers need robust decision-making tools for valuing potential new product investments in order to justify their development strategy and to allow them to screen out new designs that stand little chance of success at an early stage. However, limitations, such as uncertainty and inability to provide the information on the compatibility between design concepts, remain as challenges for the concept selection method. Therefore, this study proposes a structured conceptual design selection model based on fuzzy analytic hierarchy process (FAHP) and fuzzy conflict resolution to express the comparative judgments of decision-makers. Also, we perform a comparative analysis between AHP and FAHP results by applying our model to hospital bed designs. This study proves that although both methods are good, FAHP is more robust because of eliminating inconsistencies resulted from personal feelings or judgments.
I. INTRODUCTION
In today's world, there are major changes in the commercial market due to advances in technology. Companies are forced to develop new products for current markets, especially in technology-driven or high-tech markets. Therefore, the need for decision-making tools which determines the best option is essential. Organizations are continually challenged to effectively evaluate products involving multiple criteria to ascertain the most suitable alternative for a chance of creating profitable product. A product most important stage is the design stage. The design stage is broken down into multiple criteria and sub-criteria called "Design for" based on customer demands and available technology. The critical phase in the design stage is weighing which criteria are of most importance to the customer. Ideally, a product can be designed to satisfy all customer needs, but that can result in an overly priced product. Unless the consumers are not concerned with the products' price, the product will have no chance to be marketable. studied the domain of collaborative conceptual design based in technologies in order to understand the needs for conceptual design engineering and to clarify the current conceptual design practice [17] . Kurakawa (2004) proposed a model based the viewpoint of the designer's cognition. This model was developed based on scenario-driven conceptual design information which is a fundamental part of practical design support tools [9] . Chong et al., (2009) proposed a heuristic method for applications on conceptual design in order to guide designers in the investigation of design concepts problems [4] . Kim & Xirouchakis (2010) proposed a decision support system for the design concept filtering and selection stages [7] . Avigad et al., (2011) developed a fuzzy computational tool based on supply chain that helps designers in selecting an engineering concept [1] . Nagel et al., (2011) reported a functional modeling for product design where customer needs are translated into a representation of elementary operations defining a desired goal [12] .
Also, a tool that can be used to find the best conceptual design option is Analytic Hierarchy Process (AHP). In [13] and [14, The Analytical Hierarchy Process (AHP) model was designed by Saaty. It is especially suitable for complex decisions which involve the comparison of decision elements which are difficult to quantify [10] and [11] . One of the main advantages of this method is the relative ease with which it handles multiple criteria. In addition to this, AHP is easier to understand and it can effectively handle both qualitative and quantitative data [2] . However, limitations, such as uncertainty in [18] and inability to provide the information on the compatibility between design concepts in [8] , remain as challenges for the concept selection method. To improve the AHP method and to determine the relative weight of criteria for risk assessment, this study proposes a structure conceptual design selection model based on the use of fuzzy analytic hierarchy process (FAHP) and triangular fuzzy numbers. This approach expresses the comparative judgments of decision-makers [6] . It is used to reduce multiple design alternatives by eliminating those for which their overall weights are smaller and considered less important.
FAHP is a powerful and flexible multi-criteria decision-making tool for dealing with complex problems. It deals with both qualitative and quantitative aspects of a problem and eliminates the human preference model and its uncertainties when decision-makers are reluctant or unable to assign exact numerical values to the comparison judgments. The evaluation model can help make effective decisions without the uncertainty and vagueness in the evaluation In this paper, we develop a structured conceptual design selection model based on FAHP and multiple experts' conflict resolution to find the best design for a hospital bed design. Introducing seven different hospital bed designs, we use AHP and FAHP to evaluate which design is the most suitable design. Finally, we present how the use of fuzzy conflict resolution and FAHP handles uncertainty and the lack of crisp information on the compatibility between designs.
II. INTRODUCTION TO FUZZY AHP
In comparison to the traditional AHP which deals with vagueness and subjective decisions, Fuzzy AHP has been improved by eliminating these unwanted factors in the pair-wise comparison stage. In the decision-making environment of the AHP, the input information and relations between criteria and alternatives are uncertain and imprecise. Instead of dealing with a single crisp value, Fuzzy AHP uses a range of values to incorporate the decision maker's uncertainties. From this range, decision makers can select the value that reflects his or her confidence and also can specify attitudes like optimistic, pessimistic or moderate [5] and [19] . Optimistic attitude is represented by the highest value of range, moderate attitude is represented by the middle value of the range and pessimistic attitude is represented by the lowest value of the range.
A. Fuzzy Numbers
In the fuzzy set terminology, the ratio supplied by the decision maker is a fuzzy number. The concept of fuzzy set was introduced in the mid-1960s to overcome the limitation of the conventional crisp sets, where the relation of a data and a set is described by either "in" or "out" [21] . Fuzzy numbers are used to represent uncertain values. A fuzzy number does not necessarily refer to one value but rather a connected set, range or membership. Fuzzy numbers are utilized to capture vagueness.
B. Triangular Fuzzy Numbers
In norm, a triangular fuzzy number is used to represent the decision maker's assessment on alternatives with respect to each criterion. Triangular fuzzy numbers are similar to fuzzy numbers; the difference is that they capture a range of numbers within a triangular boundary. The boundaries are set by parameters l, m, and u. Value l being the smallest possible value, m the most promising value and u being the largest possible value. This can be expresses using the following equation [3] :
0, otherwise Triangular fuzzy numbers are easy to use and apply. If a value falls within the triangular range, that value is said to have a membership. A membership can be described as being a part of or having relevance. This concept helps to eliminate the uncertainty that's created through personal judgments in the pair-wise comparison stage.
C. Applying Fuzzy Numbers in a Pair-Wise Comparison Scale
It is difficult to map qualitative preferences to point estimates, hence a degree of uncertainty will be associated with some or all pair-wise comparison values in an FAHP problem [20] . By using triangular fuzzy numbers, via the pair-wise comparisons made, the fuzzy comparison matrix A= (a ij ) n x m [15] .The methodology is similar to the classic AHP. Matrix A= (aij) n x m is created, given that aij = (lij, mij, uij) and the pair-wise comparison scale can be represented by aij
D. Applying Fuzzy AHP Algorithm
In this study, extent analysis method is utilized to elaborate a fuzzy synthetic extent. Extent analysis was originally introduced by [3] . The extent analysis states the following:
Let X {x1 , x2 , x3 ,......., xn }= a design concept set, and G { g 1 , g 2 , g ,......., g n}= be a goal set. According to the method of Chang's extent analysis [3] , each design concept is taken and extent analysis for each goal performed, respectively. Therefore, m extent analysis values for each design concept can be denoted by
j=1,2,…,m which are triangular fuzzy numbers. Now after clarifying the meaning of the signs and variables, Chang's extent analysis [3] can be described in the following steps:
Step a: The value of fuzzy synthetic extent with respect to the i th design concept is defined as
Step b: To obtain the degree of possibility two triangular fuzzy numbers M1 = (l1, m1, u1) and M2 = (l2, m2, u2) are declared. The degree of possibility states that M2 = (l2 , m2, u2)
and can be equivalently expressed as follows (Chang, 1992 ):
Step c: The degree of possibility for a convex fuzzy number to be greater than k convex fuzzy numbers Mi (i=1, 2, k) can be defined by
Then, the weight vector is given by 1 2 ( ( ), ( ),......, ( ))
where Ai (i = 1,2,... n) = are n elements.
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By normalizing, the normalized weight vectors are obtained:
III. FUZZY CONCEPTUAL DESIGN SELECTION MODEL
This study report a structured conceptual design selection model based on "Design for" concept called DfX. The model incorporates all design experts' evaluations into a final decision, without having to elicit their utility functions on subjective and objective criteria such as Design for Manufacturing Cost (DfM/C), Design for Ergonomic (DfE), Design for Performance/Reliability (DfP/R), Design for Safety (DfS), Design for Maintenance (DfM), etc. Then, Sub-DfX for each DfX are determined in order to form a hierarchical structure used for a series of pair-wise comparison judgments among design alternatives as shown in Fig. 1 .
Step 1: Determine DfX
Step 
For example, if
Step 1-2: The experts' opinions differ substantially because the experts do not often agree on the level of the DfXs. Therefore, we have to resolve the conflict by using maximum aggregation function
Step 1-3: Calculate the aggregated linguistic variable for The Sub-DfXs by using minimum aggregation function
Step 1-4: Using Table I [ 16] , convert the linguistic variables to triangular fuzzy number Step 2: Performing Step (a), calculate weights of DfX. The pairwise comparison matrix of DfX is formed by aggregating the design expert's preferences.
Step 3: Performing Steps (b) & (c), calculate weights of design concept with respect to each DfX.
Step 4: Having the weights of each alternative with respect of each DfX, calculate final raking number by adding up the weight per design concept multiplied by the corresponding DfXs.
Step 5: Rank the design concepts with respect to their final ranking number.
To demonstrate the application of the model and perform comparative analysis, we execute this model with crisp and fuzzy information for the conceptual design of the hospital bed. 
IV. SOME COMMON MISTAKES
In this example, we consider seven conceptual designs for the hospital beds as shown in Fig. 2 . After brainstorming, DfX are: Reliability (R), Safety (S), Manufacturing cost (C), Ergonomic (E), and Maintenance (M). Also, we define Sub-DfX with lesser significance branched down from each of the DfX's. For example, the Sub-DfXs for performance are: easy to transfer (ETT), easy to operate (ETO), easy to store (ETS), light weight (LW) and strong frame (SF). Fig. 3 presents the structured conceptual design selection process for the hospital bed.
Subsequent to creating the hierarchy stature, a pair-wise comparison is performed (See Table III) . Also, Table VII shows that performance has the highest intensity over cost and maintenance. This means that performance is of greater relevance to the conceptual design in question than cost and maintenance. The Best Design Concept
Fuzzy Decision Engine
Design Concept 7(DC7) Fig. 2 . The hospital bed conceptual design options. Now, we execute the model with crisp and fuzzy information to show how the use of fuzzy AHP can overcome the limitations such as uncertainty and inability to provide the information on the compatibility between design concepts.
A. Finding the Best Hospital Bed Design Concept with Crisp Information
To perform step 2, the pairwise comparison matrix of DfX is formed based on the design expert's preference (See Table  II ). Following the pair-wise comparison are calculations performed to compute the total priority vector (weight) of each of the DfX's and Sub-DfX's. We perform the pair-wise comparison and calculate the Priority Vectors along with the Consistency Ratios using Excel.
• Table II shows Priority Vector (PV) and Consistency Ratio (CR) of the DfXs. The consistency ratio is designed in such a way that shows a reasonable level of consistency in the pair-wise comparisons if CR < 0.10 • Table III presents Priority Vector (PV) and Consistency Ratio (CR) of the Sub-DfXs. The consistency ratio is designed in such a way that shows a reasonable level of consistency in the pair-wise comparisons if CR < 0.10 The mathematical calculations performed in Tables III and  IV provide a reasonable level of confidence, meaning the judgments performed during the pair-wise comparisons were consistent and are therefore reliable. Next, the overall priority vector for the seven design alternatives is calculated. Table V illustrates the priority vectors for the DfX, Sub-DfXs and the design concepts alternatives.
Note that the priority vectors for the alternatives are provided in Table VI . The following is an example on how to calculate the priority vector for DC-2 based on priority vectors for DfXs, Sub-DfXs and the design concept DC2 in Table IV Last step in calculating the overall priority vector is performing the same procedure and multiplying the results in Table VI . Results are shown in Table VII.   TABLE III In summary, Table VII shows that design concept number five (DC-5) has the highest value of 0.236. This is indicative that amongst all seven designs, design number five is favored. The lowest scoring design was design concept number four (DC-4). It is safe to say that design concept number four was tailored to cost and maintenance as opposed to concept number 5 which focused more on reliability. The results have demonstrated that the application of AHP in the conceptual design stage can help improve the quality of a product during the development process. AHP is a great tool which can be utilized as long as the consistency ratios are within margin (CR < 0.10). 
B. Finding the Best Hospital Bed Design Concept with Fuzzy Information
Due to uncertainty and inability to provide the information on the compatibility between design concepts, we use fuzzy AHP and fuzzy conflict resolution technique to select the conceptual design. To begin, three experts' opinions are obtained with respect to DfX and Sub-DfX. Then, due to dilute the experts' opinions, we use two steps aggregation Max-Min delineated in Steps 1-2 & 1-3. The aggregated linguistic values must be converted into fuzzy values based on the relationship between linguistic variables and triangular fuzzy number (TFN) determined in Table I .
The conversion of aggregated values from linguistic to fuzzy numbers in the pair-wise scale matrix can be viewed in Table VIII . Now, the value of fuzzy synthetic extent analysis can be applied to the fuzzy pair-wise scale matrix. equation (2) to Table IX for more details). Thereafter, obtaining the synthetic extent values, the degree of possibility for each can now be calculated by using equation (4) . Calculations are first performed to the DfX followed by the Sub-DfXs. The degree of possibility for criteria C1 thru C5 (C1 being DfR and C5 being DfM) can be viewed in Table X The results for the Sub-DfR under design for reliability (DfR) can be expressed by using R-SC1 thru R-SC5 (R-SC1 being Easy to Transfer and R-SC5 being Strong Frame), and the results can be viewed in Table XI. R-SC2 R-SC3 R-SC4 R-SC5 R-SC1>R-SC2 1.153 R-SC2>R-SC1 0.849 R-SC3>R-SC1 0.635 R-SC4>R-SC1 0.833 R-SC5>R-SC1 1.000 R-SC1>R-SC3 1.336 R-SC2>R-SC3 1.176 R-SC3>R-SC2 0.804 R-SC4>R-SC2 1.000 R-SC5>R-SC2 1.169 R-SC1>R-SC4 1.159 R-SC2>R-SC4 1.000 R-SC3>R-SC4 0.794 R-SC4>R-SC3 1.199 R-SC5>R-SC3 1.376 R-SC1>R-SC5 1.000 R-SC2>R-SC5 1.000 R-SC3>R-SC5 0.617 R-SC4>R-SC5 0.826 R-SC5>R-SC4 1.177
The results for the design for safety sub-criteria under safety criteria can be expressed by using S-SC1 thru S-SC5 (S-SC1 being stability), and the results can be viewed in Table XII .
The results for the Sub-DfC under design for manufacturing cost can be expressed by using C-SC1 thru C-SC5 (C-SC1 being cost of material), and the results can be viewed in Table XIII. The results for the sub-criteria under maintenance criteria can be expressed by using M-SC1 thru M-SC5 (M-SC1 easy to repair), and the results can be viewed in Table XIV. 
Next step is calculating the weight vector (W') by using Equation ( Therefore, W' = (1, 1) Now that the weights vectors have been obtain for both DfX and Sub-DfX, they can be added accordingly (See Table  XV for results) as shown below:
C1 +R-SC1+ R-SC2+ R-SC3+ R-SC4+ R-SC5 = 5.310 C2 +S-SC1+ S-SC2+ S-SC3+ S-SC4+ S-SC5 = 2.685 C3 +R-CC1+ R-CC2= 2.611 C4 = 0.685 C5 +M-SC1+ M-SC2 = 2.611 Via normalizing the weight vectors using equation (8) , the normalize weight vectors can be viewed in Table XVI. V. CONCLUSION A structured conceptual design selection model based on fuzzy analytic hierarchy process (FAHP) and fuzzy conflict resolution technique to express the comparative judgments of designers was developed. The model was applied to the hospital bed designs with crisp and fuzzy information. FAHP has determined that the best design concept is the design which is tailored to reliability and safety. The importance of reliability was weighted at 38.2%, followed by safety with 19.3%. Both AHP and Fuzzy AHP have determined that these two features built in the conceptual design will constitute a marketable and profitable product. There are a number of reasons AHP and Fuzzy AHP producing similar results. First, the consistency ratios were promising to begin with. The paper emphasized the selection of reliability over all other DfXs and was not as interested in much else. Based on that selection, the judgments were accurate to begin with therefore inconsistencies were not apparent. In the end, this study proves that AHP and FAHP are good methods but FAHP along with conflict resolution technique eliminates inconsistencies due to personal feelings or judgments. Applied in different case scenarios, where more than one DfXs is emphasized, inconsistencies in pair-wise is introduced and factored throughout the model. Without applying FAHP, the overlooked inconsistencies can lead to selecting the incorrect design and those results could potentially mean failure to meet demands and could end in loss of profit. Unless numerical values are present, or straight forward DfXs is chosen, FAHP should be regarded as the method of choice.
